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STORE SHELF IMAGING SYSTEM which has been automatically packaged in an appropriate 
order to avoid a pre - sorting step . 

This application claim the priority as a Divisional of U.S. 
application Ser . No. 14 / 303,809 , filed Jun . 13 , 2014 , the INCORPORATION BY REFERENCE 
disclosure of which is incorporated herein in its entirety , by 
reference . The following references , the disclosures of which are 

incorporated by reference in their entireties , are mentioned : 
CROSS REFERENCE TO RELATED PATENTS U.S. Pub . No. 20130342706 , published Dec. 26 , 2013 , 

AND APPLICATIONS entitled CAMERA CALIBRATION APPLICATION , by 
10 Hoover , et al . , discloses a method and system for camera 

Cross - reference is made to the following applications , calibration . 

filed contemporaneously herewith : U.S. application Ser . No. U.S. Pub . No. 20100171826 , published Jul . 8 , 2010 , 
14 / 303,735 , filed Jun . 13 , 2014 , entitled METHOD AND entitled METHOD FOR MEASURING RETAIL DISPLAY 
SYSTEM FOR SPATIAL CHARACTERIZATION OF AN AND COMPLIANCE , by Hamilton , et al . , discloses a 
IMAGING SYSTEM ( now U.S. Pat . No. 9,542,746 ) , and 15 method and apparatus for measuring retail store display and 

shelf compliance . U.S. application Ser . No. 14 / 303,724 , filed Jun . 13 , 2014 , 
entitled IMAGE PROCESSING METHODS AND SYS BRIEF DESCRIPTION 
TEMS FOR BARCODE AND / OR PRODUCT LABEL 
RECOGNITION ( now U.S. Pat . No. 9,659,204 ) , the disclo In accordance with one aspect of the exemplary embodi 
sures of which are incorporated herein by reference in their ment , a store profile generation system includes a mobile 
entireties . base . An image capture assembly is mounted on the mobile 

base . The assembly includes at least one image capture 
BACKGROUND device for acquiring images of product display units in a 

25 product facility . Product labels are associated with the 
The exemplary embodiment relates to product mapping product display units and include product - related data . A 

and finds particular application in connection with a system control unit processes images captured by the at least one 
and method for determining the spatial layout of product image capture device at a sequence of locations of the 
content of a product facility , such as a store . mobile base in the product facility . The control unit extracts 

Retail chains , such as pharmacy , grocery , home improve- 30 the product - related data from the acquired images and 
ment , and others , may have a set of product facilities , such constructs a store profile indicating locations of the product 
as stores , in which products are presented on product display labels throughout the product facility , based on the extracted 

its , such as ves , cases , and the like . Product informa- product - related data , a spatial characterization of the image 
tion is generally displayed close to the product , on pre- capture assembly , and information on the locations of the 
printed product labels . The product labels indicate the price 35 mobile base when the images were acquired . 
of the item and generally include a unique identifier for the In accordance with another aspect of the exemplary 
product , e.g. , in the form of a barcode , which is often used embodiment , a store profile generation method includes 
by the store for restocking and other purposes . Periodically , moving a mobile base around a product facility which 
stores place some of the items on sale , or otherwise adjust includes an arrangement of product display units for dis 
prices . This entails printing of sale item labels and / or 40 playing products . Product labels are associated with the 
associated signage and manual replacement of the product display units . The product labels display product - related 
labels and / or addition of associated signage . The printing data for the displayed products . With an image capture 
and posting of such sale item signage within each store often assembly mounted on the mobile base , images are acquired 
occurs at weekly intervals . of the product display units at a sequence of locations of the 

It would be advantageous to each store if the signage was 45 mobile base . With a computer processor , the product - related 
printed and packed in the order in which a store employee data is extracted from the acquired images and a store profile 
encounters the sale products while walking down each aisle . is constructed , based on the extracted product - related data , 
However , retail chains generally cannot control or predict a spatial characterization of the image capture assembly , and 
the product locations across each of their stores . This may be information on the locations of the mobile base when the 
due to a number of factors , such as store manager discretion , 50 images were acquired , which indicates locations of the 
local product merchandising campaigns , different store lay- product labels throughout the product facility . 
outs , and so forth . Thus , individual stores may resort to In accordance with another aspect of the exemplary 
manually pre - sorting the signage into the specific order embodiment , a store profile generation method includes 
appropriate for that store , which can be time consuming and computing a spatial profile for each of a plurality of verti 
not always accurate . 55 cally - spaced image capture device positions . A mobile base 

Current approaches for documenting product locations on is moved around a product facility which includes an 
shelves include sending one or more persons through the arrangement of product display units for displaying prod 
store taking pictures along the store aisles with a mobile ucts , product labels being associated with the display units , 
device , such as a cell phone camera . Post - processing of the the product labels displaying product - related data for the 
captured images is then used in an attempt to identify each 60 displayed products . With an image capture assembly 
product and its location on a shelf . This approach suffers mounted on the mobile base , images are acquired of the 
because of significant variations , including product packag- product display units at each of the plurality of vertically 
ing changes , product orientation on the shelf , motion blur , spaced image capture device positions for a sequence of 
lighting variations , and the like . locations of the mobile base . With a computer processor , the 

It would be advantageous to a chain of stores to be able 65 product - related data is extracted from the acquired images 
to collect product location data substantially automatically and a store profile indicating locations of the product labels 
across its stores . Each store could then receive signage throughout the product facility is constructed , based on the 

a 
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extracted product - related data , information on the locations more vertically - spaced shelves 16 , to which product labels 
of the mobile base , and the computed spatial profiles . 18 , such as product price tags , displaying product - related 

information , are mounted , adjacent related products 19. In 
BRIEF DESCRIPTION OF THE DRAWINGS the exemplary embodiments , the price labels are not on the 

5 products themselves , but on the shelf units , e.g. , in deter 
FIG . 1 is a schematic elevational view of a store profile mined locations . Thus for example , a portion of a shelf 

generation system in accordance with one aspect of the which is allocated to a given product may provide for one ( or 
exemplary embodiment ; more ) price labels to be displayed for that product . In other 
FIG . 2 is a schematic elevational view of a store profile embodiments the product labels 18 may be displayed on an 

generation system in accordance with another aspect of the 10 adjacent pegboard or be otherwise associated with the 
exemplary embodiment ; respective display unit 14 . 
FIG . 3 is a schematic elevational view of a store profile The exemplary profile generation system 10 includes a 

generation system in accordance with another asp of the mobile base 20 , an image capture assembly 22 , and a control 
exemplary embodiment ; unit 24 , which are moveable as a unit around the product 
FIG . 4 is a schematic elevational view of a store profile 15 facility . The exemplary system 10 captures images within a 

generation system in accordance with another aspect of the product facility , such as a retail store , with the image capture 
exemplary embodiment ; assembly 22 at a sequence of locations of the mobile base 
FIG . 5 is a functional block diagram of the store profile 20 , extracts product - related data 26 ( e.g. , printed barcodes 

generation system of FIGS . 1-4 in accordance with one and / or text from the captured product price labels ) and 
aspect of the exemplary embodiment ; 20 location information from the images and the mobile base 
FIG . 6 illustrates an exemplary price tag ; location , and constructs a store profile 12 ( e.g. , a 2D map , as 
FIG . 7 is a flow chart illustrating a store profile generation discussed above ) which defines a spatial layout of locations 

method in accordance with another aspect of the exemplary of the shelf labels 18 within the store . 
embodiment ; The mobile base 20 serves to transport the image capture 
FIG . 8 illustrates a map of a store with a route for the store 25 assembly 22 around the product facility and may be fully 

profile generation system identified ; autonomous or semi - autonomous . In one embodiment , the 
FIG . 9 illustrates a configuration component , a section of mobile base 20 is responsible for navigating the system 10 

a modular calibration target , and a mission - specific target ; to a desired location with desired facing ( orientation ) , as 
FIG . 10 illustrates a calibration target mounted to a requested by the control unit 24 , and reporting back the 

vertical surface being used in configuration of the exemplary 30 actual location and facing , if there is any deviation from the 
a store profile generation system ; request . As illustrated in FIG . 5 , in a fully - autonomous 
FIG . 11 is a flow chart illustrating a method for configu- mode , the motorized mobile base 20 may include a naviga 

ration and / or characterization of the image capture assembly tion component 30 and an associated power source 32 , such 
of the store profile generation system in accordance with as a battery , motor , drive train , etc. , to drive wheels 34 of the 
another aspect of the exemplary embodiment ; 35 of the mobile base in order to move the system 10 to a 
FIG . 12 illustrates a representation of an initial configu desired location with desired facing according to a request 

ration of the image capture assembly ; from the control unit 24. The navigation component 30 may 
FIG . 13 illustrates a representation of a reconfiguration of be similarly configured to the control unit 24 and may 

the image capture assembly ; and include memory and a processor for implementing the 
FIGS . 14 and 15 illustrate panoramas of the calibration 40 instructions provided by the control unit and reporting 

target before and after reconfiguration of the image capture location and orientation information back to the control unit . 
assembly generated from computed spatial profiles of the Position and / or motion sensors 36 provide the navigation 

component 30 with sensing capability to confirm and / or 
measure any deviation from the requested location and 

DETAILED DESCRIPTION 45 orientation . These may be used by the navigation component 
for identifying the location , orientation , and movement of 

With reference to FIGS . 1-5 , where the same numbers are the mobile base for navigation and for store profile genera 
used for similar elements , a mobile profile generation sys- tion by the control unit . One suitable mobile base which can 
tem 10 is configured for determining a spatial layout 12 be adapted to use herein is a HuskyTM unmanned ground 
( FIG . 5 ) of the product content of a product facility , such as 50 vehicle obtainable from Clearpath Robotics Inc. , 148 Mani 
a retail store , warehouse , or the like . The spatial layout may tou Dr , Kitchener , Ontario N2C 1L3 , Canada , which 
be referred to herein as a store profile . The store profile 12 includes a battery - powered power source . 
may be in the form of a 2 - dimensional or 3 - dimensional plan In a semi - autonomous mode , the mobile base 20 is pushed 
of the store which indicates the locations of products , for by a person ( e.g. , as a cart ) , and thus the power source and 
example , by providing product data for each product , such 55 optionally also the navigation component may be omitted . In 
as an SKU or barcode , and an associated location , such as some embodiments , the navigation component and sensors 
x , y coordinates ( where x is generally a direction parallel to may be used in the semi - automated mode to confirm and / or 
an aisle and y is orthogonal to it ) , a position on an aisle , or measure any deviation from a requested location and orien 
a position on a predefined path , such as a walking path tation ( e.g. , by using voice feedback to confirm the aislel 
through the store . In some embodiments , the store profile 60 shelf information or using image features of the scene ) . 
may include a photographic panorama of a part of the store The image capture assembly 22 includes an imaging 
generated from a set of captured images , or a graphical component 38 which includes one or more image capture 
representation generated therefrom . devices , such as digital cameras 40 , 42 , 44 , that are carried 

The store profile 12 is generated by capturing images of by a support frame 46. The image capture devices capture 
product display units 14 , such as store shelf units , at appro- 65 digital images , such as color or monochrome photographic 
priate locations with appropriate imaging resolutions . As images . The support frame may be mounted to the mobile 
illustrated in FIG . 1 , each shelf unit 14 may include two or base 20 and extend generally vertically ( in the z - direction ) 

cameras . 
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therefrom ( for example , at an angle of from 0-30 ° from camera placed very close to the barcode ) and the camera is 
vertical , such as from 0-20 ° from vertical ) . The cameras are held sufficiently steady . Furthermore , although the locations 
configured to capture images of a full height h of the shelf of price tags are somewhat systematic , there are large 
unit , or at least that portion of the height h in which the variations from shelf to shelf , store to store , and chain to 
labels 18 of interest are likely to be positioned throughout 5 chain , as well as differences in lighting conditions , print 
the facility . quality , transparency of the product label mounting device 
One or more of the camera ( s ) 40 , 42 , 44 may be move- 50 ( if it overlays the product label 18 ) , and so forth . Thus , 

able , by a suitable mechanism , in one or more directions , it may be appropriate to change the design and / or adjust the 
relative to the support frame 46 and / or mobile base 20. In configuration of the cameras , depending on the expected 
one embodiment , at least one of the cameras has a first 10 conditions within the store or portion thereof . An exemplary 
position and a second position , vertically - spaced from the image capture assembly 22 is adaptable to accept different 
first position , allowing the camera to capture images in the numbers of cameras and / or different camera capabilities , as 
first and second positions . In the embodiment illustrated in described in further detail below . 
FIGS . 2 and 3 , for example , the support frame 46 includes The exemplary control unit 24 provides both control of 
a translation stage 48 for moving one or more of the 15 the system and data processing . The control unit 24 includes 
camera ( s ) in at least one direction , such as generally in the one or more dedicated or general purpose computing devices 
z ( vertical ) direction , as illustrated by arrow 49. The direc- configured for performing the method described in FIG . 7 . 
tion of movement need not be strictly vertical if the support The computing device may be a PC , such as a desktop , a 
translation stage is mounted to an angled support frame , as laptop , palmtop computer , portable digital assistant ( PDA ) , 
noted above . Optionally , the translation stage 48 provides 20 server computer , cellular telephone , tablet computer , pager , 
for rotation of one or more of the cameras in the x , y plane combination thereof , or other computing device capable of 
and / or tilting of one or more of the cameras , relative to the executing instructions for performing the exemplary 
translation stage / support frame . In another embodiment , the method . As will be appreciated , although the control unit 24 
cameras , and / or their associated mountings , may provide the is illustrated as being physically located on the mobile base 
cameras with individual Pan - Tilt - Zoom ( PTZ ) capability . 25 20 ( FIG . 1 ) , it is to be appreciated that parts of the control 
The pan capability allows movement of the field of view unit may be in the image capture assembly 22 or located on 
( FOV ) relative to the base unit in the x direction ; the tilt a separate computer remote from the mobile base and image 
capability allows the field of view to move in the z direction capture assembly . 
as illustrated for camera 44 in FIG . 3 ; the zoom capability The control unit 24 illustrated in FIG . 5 includes a 
increases / decreases the field of view in the x , z plane ( which 30 processor 60 , which controls the overall operation of the 
may be measured in units of distance , such as inches or cm , control unit 24 by execution of processing instructions 
as illustrated in FIG . 3 , or angle a , as illustrated in FIG . 1 ) . which are stored in memory 62 communicatively connected 
In some embodi its , only some , i.e. , fewer than of the with the processor 60. One or more input / output interfaces 
cameras are moveable and / or have PTZ capability , as illus- 64 , 66 allow the control unit to communicate ( wired or 
trated in FIG . 4 , where only camera 42 has such capabilities . 35 wirelessly ) with external devices . For example , interface 64 
The incremental movement of the mobile base 20 allows communicates with cameras 42 , 44 , 46 to request image 
images to be captured along the length of the shelf unit 14 capture , and / or adjustments to the PTZ settings , and to 
( in the x direction ) . receive captured digital images from the cameras ; with 
The image capture assembly 22 serves to capture a series translation stage 48 , where present , to adjust camera 

of images containing shelf product labels 18 , such as product 40 position ( s ) ; with mobile base 20 for movement of the system 
price tags , at sufficient resolution for analysis and product as a whole , relative to the shelf unit , and the like . Interface 
recognition . The product price or tags 18 may be located on 66 may be used for outputting acquired or processed images , 
the outer edge of a shelf or at the end of a pegboard hook 50 , a store profile 12 , and / or information extracted therefrom , 
or other product label mounting device . As illustrated in such as to an external computing device and / or a printer ( not 
FIG . 6 , each price tag 18 generally includes a unique 45 shown ) for printing and / or packaging sale signage in an 
identifier 54 for the product , such as a 1 or 2 - dimensional appropriate order to match the store profile . 
barcode or stock keeping unit ( SKU ) code . As an example , The various hardware components 60 , 62 , 64 , 66 of the 
a 1D EAN - 13 code may be printed on or otherwise affixed control unit 24 may be all connected by a bus 68 . 
to the product label . 2D barcodes are commonly referred to The memory 62 may represent any type of non - transitory 
as QR codes or matrix codes . In addition , a human - readable 50 computer readable medium such as random access memory 
price 56 and optionally some descriptive text 58 may be ( RAM ) , read only memory ( ROM ) , magnetic disk or tape , 
printed on or otherwise affixed to the product label . optical disk , flash memory , or holographic memory . In one 
A width w of the barcode 54 in the y direction may be embodiment , the memory 62 comprises a combination of 

about 20-25 mm on many price tags . However , the barcode random access memory and read only memory . In some 
width may not be uniform throughout the store or from one 55 embodiments , the processor 60 and memory 62 may be 
store to another . In order to allow accurate imaging and combined in a single chip . The interface 66 , 68 allows the 
decoding of such barcodes , a minimum resolution of computer to communicate with other devices via a wired or 
approximately 200 pixels per inch ( ppi ) ( 78 pixels per wireless links or by a computer network , such as a local area 
centimeter ) at the object plane with sufficient depth of focus network ( LAN ) or wide area network ( WAN ) , or the Inter 
to allow for differences in x direction position or tilt of the 60 net , and may comprise a modulator / demodulator ( MO 
price tags relative to the camera is desirable . For smaller DEM ) , an electrical socket , a router , a cable , and and / or 
barcodes and 2D barcodes , a higher resolution may be Ethernet port . Memory 62 stores instructions for performing 
appropriate . A digital camera mounted to a support frame 46 the exemplary method as well as the processed data 12 . 
so that it can be relatively stationary while capturing images The digital processor 60 can be variously embodied , such 
is thus more suited to this task than a hand - held smartphone 65 as by a single - core processor , a dual - core processor ( or more 
camera or inexpensive webcams , unless the acquisition is generally by a multiple - core processor ) , a digital processor 
performed close up ( e.g. , one barcode at a time with the and cooperating math coprocessor , a digital controller , or the 
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like . The digital processor 60 , in addition to controlling the image acquisition . These parameters may be fixed through 
operation of the computer 62 , executes instructions stored in out the mission and / or adjusted dynamically based on cur 
memory 62 for performing the method outlined in FIGS . 7 rent location information of the mobile base ( e.g. , distance 
and / or 11 . to the shelf to be imaged , the facing angle , height of the 

The term “ software , ” as used herein , is intended to 5 shelf . ) . As will be appreciated , translation stage con encompass any collection or set of instructions executable troller 78 and camera controller 80 may form parts of a by a computer or other digital system so as to configure the single component for controlling the acquisition of images 
computer or other digital system to perform the task that is by the image capture assembly 22 . 
the intent of the software . The term " software " as used The image data processing component 82 processes the herein is intended to encompass such instructions stored in 10 images acquired by all the cameras and uses the mapping storage medium such as RAM , a hard disk , optical disk , or 
so forth , and is also intended to encompass so - called “ firm provided by the configuration component and position infor 
ware ” that is software stored on a ROM or so forth . Such mation provided by the mobile base to map pixels of the 
software may be organized in various captured image to locations in 3D space . and may include ways , 
software components organized as libraries , Internet - based 15 The product data recognition component 84 , which may 
programs stored on a remote server or so forth , source code , be a part of the image data processing component 82 , 
interpretive code , object code , directly executable code , and analyses the processed images for detecting price tag loca 
so forth . It is contemplated that the software may invoke tions , extracting product data 26 , such as price tag data , and 
system - level code or calls to other software residing on a performs image coordinate conversion ( from pixel position 
server or other location to perform certain functions . 20 to real - world coordinates ) . 
The processor 60 executes instructions 70 stored in Outputs of the data processing component 82 and / or 

memory 62 for performing the method outlined in FIGS . 7 product data recognition component 84 may be used by the 
and / or 11. In the illustrated embodiment , the instructions store profile generator 88 to determine the store profile 12 
include a configuration component 74 , a mission planner 76 , ( e.g. , the real - world coordinates of detected and recognized 
a translation stage controller 78 , a camera controller 80 , an 25 UPC codes ) . In some cases , outputs of the data processing 
image data processing component 82 , a product data recog- component 82 and / or product data recognition component 
nition component 84 , a store profile generator 86 , and a 84 are used by the translation stage controller 78 and / or 
signage generator 88. Fewer than all these components may camera controller 80 to determine what should be the 
be included in some embodiments . In other embodiments , appropriate camera parameters and / or position parameters 
some or all of the components may be located on a separate 30 for the next image capture . Some outputs of the data 
computing device , i.e. , one which is not carried by the processing component 82 and / or product data recognition 
mobile base , as discussed above . component 84 may be used by the mission planner 76 to 

The configuration component 74 is used prior to a mission determine the next positional move for the mobile base 20 . 
to configure the image capture assembly 22 ( e.g. , determine With reference now to FIG . 7 , a method for generating 
FOV and position ( s ) of the camera ( s ) and to provide a 35 ( and using ) a store profile 12 is shown , which can be 
spatial characterization of the image capture assembly , such performed with the system of FIGS . 1-5 . As will be appre 
as a spatial profile for each camera . Each camera may have ciated , some or all of the steps of the method may be 
at least one camera spatial profile . A camera may have two performed at least partially manually and need not be 
or more spatial profiles if the camera is to be moved , relative performed in the order described . The method begins at 
to the mobile base , and / or its FOV adjusted , for acquiring 40 S100 . 
more than one image at the same mobile base location . The At S102 , the image capture assembly 22 is configured . 
camera spatial profile may be a mapping between pixel Briefly , the configuration component 74 identifies suitable 
location and a location in an x , z plane to enable a mapping positions for the cameras 42 , 44 , 46 , and optionally a 
between pixels of each image captured at a respective suitable range of camera parameters ( e.g. , field of view , 
camera position and a position in the x , z plane correspond- 45 exposure time , ISO number , etc. ) , in order to capture the full 
ing to a portion of a shelf face where the images are height h of each shelf unit face from a set of overlapping 
captured . images acquired at one single position of the moveable base 

The mission planner 76 has access to a store floor plan 90 ( i.e. , without gaps in the z direction ) . The configuration 
( layout of aisle and shelves and its facing ) and the purpose component 74 optionally extracts information from test 
of each mission . A mission may be for example , to capture 50 images which enables it to associate each ( or some ) pixels 
all price tags throughout the store , or limited to only a part of a captured image with a point in yz space and / or to 
of the store , etc. Using the information in the store floor plan generate a spatial characterization of the image capture 
90 , the mission planner determines the path that the mobile assembly which may include a spatial profile for each 
base 20 should follow and communicates with the mobile 
base to provide the path and appropriate stop positions 55 At S104 , a route for scanning the store shelves is com 
( where the images should be acquired by the image capture puted . In particular , the mission planner 76 computes a route 
assembly ) . The instructions may be provided to the mobile for the mobile base around the facility , based on a store floor 
base in a step - by - step fashion or in the form of a full plan 90. The floor plan identifies obstructions , particularly 
mission . locations of shelf units . The store plan may have been 

The translation stage controller 78 determines the trans- 60 generated partially automatically , from a prior traversal of 
lations of the translation stage to achieve desired camera the facility by the system 10 , for identifying the location of 
positions and communicates them to the translation stage 48 . obstructions . For example , as shown in FIG . 8 , the obstruc 
The camera controller 80 determines the camera parameters tions may be identified on the floor plan 90 and locations of 
( e.g. , shutter speed , aperture , ISO number , focal scannable faces 92 on each shelf unit identified ( e.g. , by a 
length , ... ) and optionally position parameters ( e.g. , pan , 65 person familiar with the store ) . The mission planner 76 
tilt , zoom , or vertical translation amount ... ) of the cameras computes a route 94 , which includes all the faces 92 and 
in the image capture assembly for each position that requires designates parts of the route as a scan path 96 ( where images 

2 

camera . 

9 



2 

US 11,481,746 B2 
9 10 

of scannable faces 92 are to be acquired ) and parts of the the images being captured at that position , based on the time 
route as a no - scan path 98 ( where no images are to be of capture . Candidate regions of each image 100 , 102 which 
acquired ) have at least a threshold probability of including a barcode 

At S106 , the mission planner 76 communicates the com- 54 are identified and processed to extract the barcode 
puted route 94 to the navigation component 30 of the mobile 5 information , which may be output as an SKU code which 
base , and optionally designating stop positions , which may uniquely identifies the product . Associated information , 
be located at approximately equal intervals along the scan such as price and product information 56 , 58 , particular 
path 96. During the mission , the mission planner 76 receives colors used in the product label 18 , and the like , may also be 
information from the navigation component 30 from which used to locate the barcode and / or to decipher it , particularly 
any deviations to the planned route are computed . The 10 where the product data recognition component has difficulty 
mobile base 20 is then responsible for navigating the system in doing so based on the barcode alone . The location of the 
10 to a desired location with desired facing ( orientation ) barcode in three dimensional space can be determined based 
requested by the control unit 24 and reporting back the on the location of the mobile base at the time the image was 
actual location and facing if there is any deviation from the captured and the spatial characterization of the image cap 
request . 15 ture assembly . 

At S108 , as the mobile base 20 traverses the route 94 , At S118 , a store profile 12 is generated based on the 
instructions are provided to the translation stage 48 at each identified barcode information 26 and computed barcode 
predetermined stop on the scan path 96 for positioning the locations . In particular , the store profile generator 86 gen 
cameras . The translation stage controller 78 communicates erates a store profile 12 which identifies locations of the 
instructions to the translation stage 48 when the camera 20 price tags 18 , based on the extracted barcode information 
position ( s ) is / are to be adjusted and may provide the trans- and optionally information provided by one or more of the 
lation stage 48 with directions for achieving predetermined configuration component 74 , mission planner 76 , and navi 
camera positions , based on the information generated by the gation component 30 , through which pixels of identified 
configuration component 74 . barcodes in the captured images are associated with a point 

At S110 , at each predetermined stop on the scan path 96 , 25 in real ( xyz or xy ) space or otherwise generally located with 
instructions are provided to the cameras 40 , 42 , 44 them- respect to the store floor plan 90. An accurate store profile 
selves for positioning and image acquisition . In particular , 12 identifying product locations / locations of price tags in a 
the camera controller 80 communicates instructions for store can thus be reconstructed . 
adjusting position and / or focal plane to the camera's PTZ At S120 , the store profile 12 may be output from the 
components and provides instructions for data acquisition to 30 system . 
provide the optimal coverage of the shelf , using the position At S122 , information on signage to be mounted through 
information identified by the configuration component 74 . out the store may be received and a packaging order for the 
The translation stage controller 78 and camera controller 80 particular store computed , based on the store profile 12. In 
may work in cooperation to achieve desired positions of the particular , the signage generator 88 receives information on 

35 signage to be printed for an upcoming sale in which only 
At S112 images 100 , 102 , are acquired by the cameras at some but not all of the price tags may need to be replaced . 

a given position of the mobile base . The image capture The signage generator uses the store profile 12 to identify the 
assembly ( iteratively ) acquires images based on the requests locations of only the price tags / products to which the sale 
by the control unit and the camera parameters and ( option- relates . From this information , a printing and / or packaging 
ally ) position parameters provided . 40 order for the signage is generated . When the signage is 

At S114 , the acquired images 100 , 102 are transferred packaged and provided to an employee , the order in which 
from the camera memory to the data processing component the signage is packed in accordance with the computed 
82. The data processing component 82 receives the images printing and / or packaging order enables the person to tra 
acquired by the cameras and stores them in memory , such as verse the store in the order in which the signage is packaged 
memory 62 , and may perform preliminary processing , such 45 to replace / add the new signage , generally in a single pass 
as adjustments for blur , color , brightness , etc. A composite through the store . The route defined by the packing order 
image or panorama of the shelf face may be computed by minimizes the amount of backtracking the employee needs 
performing a union of multiple images captured by the to do and / or provides for a shorter path ( in time or distance ) 
image capture assembly . In forming the composite image , to complete the task than would be achievable without the 
pixels of one or more of the acquired images may be 50 computed store - specific packaging order , and avoids the 
translated to account for each camera's spatial profile . need for the store to resort the signage into an appropriate 

At S116 , the product data recognition component 84 order . In this way , for each store in a chain , a store profile can 
processes the acquired images 100 , 102 or panorama to be generated ( e.g. , periodically ) , allowing a store - specific 
identify product data 26 from the captured shelf labels 18 , packaging order for signage to be computed each time a set 
where present , in the images . In an exemplary embodiment , 55 of shelf labels 18 and / or other signage is to be mounted 
the acquired images and a corresponding coarse location and throughout the store . 
facing information are analyzed to determine the product The method ends at S124 . 
layout information ( e.g. , via barcode recognition of price Further details of the system and method will now be 
tags and knowledge of the camera spatial profile ) . described . 

The process repeats until the mission is completed ( e.g. , 60 While in one embodiment , the store profile 12 is used for 
all aisles of interest have been scanned ) . For a typical defining an appropriate sequence for printing / packaging of 
mission , the mobile base moves along each store aisle to sale signage , the store profile has other applications , includ 
enable images of the scannable faces of each shelf unit to be ing validating that the store product layout complies with a 
captured . From the captured images , each shelf price tag is pre - defined planogram . A planogram is a predefined product 
detected and its location determined within the image . 65 layout for a slice of about 0.5 meters or more of length along 
By measuring the mobile base's current position in the an aisle . The captured images can also be processed to 

store floor plan , its position data can then be associated with extract any ID or 2D barcodes and / or text data from regions 
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that comply with the price tag format . Data such as the later . Hence this embodiment offers a rapid and non - iterative 
product UPC and the price tag location within the image are acquisition . The image processing can be done in an off - line 
extracted . fashion allowing the system to acquire all images needed 

Image Capture Assembly quickly and then process them later , e.g. , on the same or a 
To accommodate different shelf configurations and / or 5 different computing device which may be in the back office 

acceptable acquisition times , different configurations of the of the store . Advantages of running the system in such a image capture assembly 22 are contemplated . In one manner include ( 1 ) less disruption to store hour operation embodiment , each camera 40 , 42 , 44 provides for high and ( 2 ) computational costs may be cheaper when the resolution imaging in a field of view ( FOV ) 110 ( FIG . 1 ) analysis of the captured images is performed on a back office defined by an angle a at the lens or by a vertical distance at 10 
the shelf face . In another embodiment , the cameras provide computer than on an on - board computing device . A disad 
a mixture of high resolution imaging ( one or more cameras ) vantage is that more cameras may be needed than for other 

embodiments . and low resolution imaging ( one or more cameras capturing 
images at a lower resolution than the high resolution B. Camera ( s ) with a Moveable Positioning Unit 

As illustrated in FIG . 2 , fewer cameras can be used to camera ( s ) ) , referred to as multi - resolution imaging . The 15 
high - resolution imaging embodiment has the advantages of capture the full height shelving unit than for embodiment 1 A 
simpler and faster acquisition , single pass processing , and by using a vertical translation stage 48. In the embodiment , 
facilitation of off - line image processing . The multi - resolu- two cameras with two - position ( or more ) capability are 
tion imaging embodiment has the advantage of lower cost . used . In a first position , each camera 40 , 42 captures an 
More detailed examples of each are now discussed . 20 image , and then the translation stage moves the cameras to 

1. High Resolution Imaging for Barcode Detection and a second position , vertically spaced from the first position , 
Recognition in Retail Applications where two more images are captured . The benefits of off - line 

For this imaging option , few assumptions need to be made processing and faster and non - iterative acquisition ( com 
about the potential locations of price tags 18. For example , pared to other embodiments discussed later ) are retained in 
the only information needed may be the maximum height h 25 this embodiment . However , this embodiment , may incur the 
of shelves of interest in the store . For this imaging option , expense of additional imaging time and slight increase of 
there is also no iterative processing needed to estimate the system complexity . From the perspective of images cap 
barcode locations before next imaging . As a result , design tured , this embodiment is very similar to multi - camera array ing this imaging option entails confirming that the system , in of embodiment 1A with lower cost but lower acquisition 
aggregate , has sufficient field of view to cover the maximum 30 rate . This option can offer a flexible trade - off between cost height of shelves of interest in the store at the desired 
resolution ( typically 200 ppi or above ) . and acquisition time . The number of positions can be 

extended to the extent where only a single camera is needed . As an example , a DSLR camera with horizontal and 
vertical sensor dimensions of about 22 and 15 mm ( a 3 : 2 In the exemplary embodiment , pictures are captured while 
aspect ratio ) which has a high pixel resolution of at least 100 35 the camera is stationary ( i.e. , stopped at desired positions ) , 
or at least 200 pixels / mm at the sensor ( e.g. , a 10 Mpixel rather than while moving between positions , since even a 
camera or higher ) can provide a minimum object plane slight motion during the imaging may inhibit or prevent 
resolution of 100 or 200 pixels / inch in a plane FOV of about accurate recognition of barcodes unless sophisticated 
68.5 cmx45.5 cm ( + about 5 or about 10 cm ) . motion compensation algorithms are employed . Accord 

Since a shelving unit 14 may be around 180 cm tall , a 40 ingly , adding more stops by decreasing the number of 
single camera generally cannot capture it fully with a single camera positions / decreasing the number of cameras may 
image while meeting the resolution requirements . Several increase acquisition time . 
embodiments of the image capture assembly that can meet As with embodiment 1A , the system over - specifies the 
these goals are given , by way of example : requirement of the imaging device / configuration such that 

A. Multi - Camera Array 45 high resolution is achieved everywhere ( within the potential 
In the embodiment of FIG . 1 , for example , two or more space of interest , e.g. , no more than 2 m high in store aisles ) . 

( optionally identical ) cameras 40 , 42 , 44 are located in fixed This makes the system very adaptable to any store configu 
relation to each other and to the mobile base . Each camera ration , makes the image acquisition non - iterative and faster , 
can have different poses ( rotation , focus length etc. ) if and makes the processing simpler and independent from 
needed . The FOV of each camera is vertically spaced from 50 image acquisition . Given that the resolution is sufficient and 
its neighbor and overlaps that of its neighbor by a known the FOV covers all possible regions of interest , the data 
amount . “ Vertically spaced FOVs ” means that the FOVs are processing component 82 can focus on detecting , localizing , 
spaced from each other at least partially in the z direction . and recognizing the product identity through price tag 
Thus , a composite image of a full 180 cm tall shelving unit recognition . Embodiment 1A is simpler but embodiment 1B 
can be extracted from three cameras ( with capabilities as 55 may be suited to stores with specific configurations , such as 
described above ) oriented in portrait mode spaced 60 cm taller shelves and / or those with sparse and discrete potential 
apart . For different heights / camera capabilities , a different locations of barcodes . For this type of store , the second 
number of cameras could be used , the aim being to have embodiment can cope easily with this by replacing an 
enough cameras to cover the entire vertical FOV ( height h ) attempt to cover all vertical FOVs up to the maximal height 
of the shelving unit faces with desired resolution in one 60 with pre - programming a few discrete positions for imaging 
position while the navigation of the mobile base offers the that can cover those sparse and discrete potential locations 
scanning needed to cover the horizontal FOV ( i.e. , store of barcodes in the selected stores . For example , in FIG . 3 , 
aisles ) . Since this embodiment over - specifies the image cameras 40 and 42 may move between first and second 
resolution requirement ( i.e. , to achieve high resolution positions to capture upper shelves while a third camera is 
everywhere , regardless the locations of barcodes in each 65 tilted downward to capture a shelf near the floor level . 
store ) and each camera operates independently , all images The pre - determined FOVs for each camera in the embodi 
can be captured in a pass through the store and be processed ment 1B system can be achieved by a combination of 
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selecting a suitable distance to the shelf from the mobile The imaging may also take a long time since the imaging is 
base 20 and / or through the zooming capability of the cam- in iterative fashion ( the low resolution images are first 

acquired and analyzed before performing high resolution 
In one embodiment , the control unit 24 instructs the imaging ) and many camera zoom - ins and zoom - outs may be 

mobile base 20 to navigate to a fixed distance to the shelf 5 needed . However , this embodiment can be constructed at 
face and keep the focus length of each camera fixed . In relatively low cost . A person could walk around the store another embodiment , the control unit only provides the taking close - up pictures of the shelf labels 18 in a similar 
mobile base with a range of distances to the shelf for it to fashion . However , the system offers the automation and navigate to . Each camera then adjusts its zoom parameter to location tracking ( through the mobile base navigation and maintain the FOVs based on the actual distance to the shelf 10 control unit's mission planning ) that could not be performed reported back from mobile base . This may be a somewhat easily by a person . more expensive option , due to the cost of a controllable B. High / Low Camera Combination with PTZ Capability zoom lens , but can be more adaptable . A combination of the 
two embodiments is also contemplated . In the embodiment shown in FIG . 4 , two cameras 40 , 42 

2. Multi - Resolution Imaging for Barcode Detection and 15 having different imaging parameters are used . A first camera 
Recognition in Retail Applications 40 is used to acquire low resolution , but large FOV images 

In this embodiment , multi - resolution imaging is used to of the entire shelf face . As for embodiment 2A above , the 
accomplish the task of identifying the store profile 12. In this purpose of this camera is to allow the control unit 24 to 
embodiment , the system first captures low resolution , large identify local ROIs where shelf price tags are suspected of 
FOV images , analyzes them to identify regions of interest 20 being present . Given one or more of these ROIs , the second 
( ROIs ) that may require high imaging resolution ( i.e. , may camera 42 is used to acquire high resolution images of the 
include barcodes ) . The system then acquires high resolution identified ROIs before the mobile base 20 is moved to its 
images of those regions , and analyzes them for extracting next pos on along the shelf face . The second camera 42 
product identification information , where present . The spa- may have PTZ capability ( a PTZ camera or a regular camera 
tial information for these ROIs can be determined based on 25 mounted on a PTZ motorized base 48 ) . The first camera 
a combination of the camera spatial profiles of the low generally does not need such capability if the FOV is 
resolution images and mobile base location information or a sufficient to cover the shelf height at the lowest resolution combination of camera spatial profiles of the high resolution needed for prediction of ROls . The imaging parameters of 
images and mobile base location information . The former the first camera 40 may be fixed throughout the mission ( no may be a better and easier option since the camera spatial 30 need for PTZ capability ) . This helps to ensure that the spatial profiles of the high resolution images may be more dynamic profile of the first camera is constant ( and thus can be and vary from acquisition to acquisition . derived offline ) throughout the mission . By doing so , it is The terms low and high resolution are used herein in a 
relative sense . High resolution generally refers to a sufficient easy to determine the spatial layout of those identified ROIS 
resolution to recognize a barcode robustly ( e.g. , 200 ppi or 35 based on the combination of the camera spatial profiles of 
higher ) , while low resolution refers to sufficient resolution to the low resolution images and mobile base location infor 
detect candidate / potential locations of a barcode ( e.g. , 30 ppi mation . This also avoids the need to keep track of the 
or higher ) . The desired resolution can be achieved in a imaging parameters of the second camera when scanning 
number of ways . For example , the high and low resolutions through those identified ROIs . 
can be achieved by a same type of camera but with different 40 This imaging embodiment reduces the need for process 
FOVs . In another example , the high and low resolution can ing high resolution images since processing is performed 
be achieved primarily by the use of high vs. low camera only on images captured of the ROIs , rather than of the 
sensor resolutions ( e.g. , using 20 Mega - pixel camera for entire shelf face . It may need to use more complex and 
high resolution imaging and a 2 Mega - pixel camera for low iterative imaging acquisition modes to process the mixed 
resolution imaging ) . In another example , a combination of 45 resolution images . The cost and image processing time may 
FOV and camera sensor resolution can be used to achieve be reduced ( since for most of the time , many small images 
the high and low resolution imaging system . with high resolution are processed rather than a one 

A. Single Camera with PTZ Capability extremely large composite high resolution image or set of 
In one embodiment ( not illustrated ) , the image capture images ) . However , it adds complexity to the method by 

assembly 22 includes only a single camera with PTZ capa- 50 increasing image acquisition time and may require on - line 
bility as the image capture device . The camera may be a PTZ image processing . 
camera or a regular camera with PTZ base . In this embodi- In practice , the imaging embodiment selected may be 
ment , the camera may first zoom - out and take a picture or application dependent . For example , a store with densely 
pictures with a large FOV to cover the full height of the populated price tags may benefit from high resolution imag 
shelf . The images are analyzed to find candidate regions of 55 ing of the entire shelf face . In contrast , a store with sparse 
interest ( ROIS ) which are more likely to include price tags and irregularly - placed price tags may benefit from multi 
than other regions of the images . In general , finding poten- resolution imaging . Mission time and cost also play a role 
tial locations of price tags requires much less resolution than for the selection of imaging options . The exemplary system 
extracting the product information from each price tag . The can be configured to cover the typical spectrum experienced 
camera then zooms in to various identified ROIs to acquire 60 by a majority of the retail stores . 
high resolution images to be used for extracting product Although the imaging is described above as being high 
identification information . The mobile base 20 is then resolution or multi - resolution , it should be appreciated that 
moved to its next position along the shelf face and the the imaging system may provide a combination of these 
process is repeated . Since the camera FOVs are constantly approaches . For example , it may be beneficial to have PTZ 
changing , it can be difficult to keep track of the spatial 65 camera ( s ) mounted on a moveable translation stage . In this 
profiles of the camera and / or to ensure that the store has been embodiment , the translation stage is responsible for moving 
completely scanned ( for at least those regions of interest ) . the PTZ camera to various coarse positions , while the PTZ 
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capability of the camera is responsible for fine - tuning the to the barcodes on the product tags 18 , and / or or other 
FOVs to the desired resolution specification , focus , and the machine readable information . The mission - specific targets 
like . 164 may be printed on one or more of the sections 146 or on 

Configuration separate sheets of paper , to be positioned , for example , 
The configuration component 74 of the system 10 pro- 5 adjacent to or on the target ( FIG . 10 ) . As will be appreciated , 

vides for automatic characterizing of the spatial character- the generation of the calibration target and mission specific 
istics of the image capture assembly 22 and for configuring targets may be performed off - line , prior to configuration of 
of the data processing component 82. The outputs , e.g. , the system , and these components may be part of a separate 
spatial profiles of the imaging system , may be used by the computing device and not resident on the moveable system . 
store profile generator 86 for determining product layout in 10 The image acquisition module 124 acquires test images 
terms of real - world coordinates , for determining the path / using the image capture assembly 22 to be spatially char 
pace of the mobile base 20 , and the like . The configuration acterized and / or configured . As will be appreciated , the 
component can be applied iteratively to configure / optimize camera controller 80 and stage controller 78 ( FIG . 5 ) may 
the image capture assembly 22 for the specific setting of serve as the image acquisition module 124 and / or may 
each retail application . 15 communicate with module 124 for acquiring the test images 
As illustrated in FIG . 9 , the configuration component may of the target ( s ) 140 , 164 . 

include a calibration target generation module 120 , a mis- The landmark detection module 126 detects the identifi 
sion - specific target generation module 122 , an image acqui- able landmarks 150 and their positions on the acquired 
sition module 124 , a landmark detection module 126 , an images of the target 140 . 
information decoding module 128 , a spatial characterization 20 The information decoding module 128 detects the set ( s ) 
module 130 , a mission capability confirmation module 132 , of machine readable and visually - recognizable marks 158 , 
and a reconfiguration module 134 , although fewer than all of 166 on the acquired images of the target ( s ) 140 , 164 and then 
these modules may be provided in some embodiments . decodes the corresponding locations of identifiable land 

The calibration target generation module 120 includes marks 150 from the associated location - encoding marks . 
instructions ( e.g. , a template ) for generating a spatially- 25 Information 166 from the mission - specific targets in the 
characterized calibration target 140 ( FIG . 10 ) , when printed images may also be decoded . 
on sheets of paper by a communicatively linked printer 142 , The spatial characterization module 130 matches the 
or otherwise output in tangible form . The calibration target positions of landmarks 150 detected by module 128 to the 
140 may be sectional and composed of a plurality of sections actual positions on the target 140 and then derives absolute 
146 ( FIG . 9 ) , which when assembled sequentially in a 30 and relative spatial profile ( s ) and other characteristics of the 
predefined order , form a target 140 of sufficient height to imaging system . 
cover the portion h of the shelf face where product tags 18 The mission capability confirmation module 132 analyzes 
are expected to be found . In other embo ents , the target the acquired images to extract information from the mission 
140 may be printed as a continuous length which may be cut specific image targets 164 , such as from the example bar 
to size at the store . 35 codes 166 , and compares this against the known information 
As illustrated in FIG . 9 , each of the sections 146 has a of the image targets , to determine whether the information 

width W ( in a direction corresponding to the x direction , matches ( e.g. , determine if the barcode captured in the image 
during a mission ) and a height H in the z direction . The can be read to generate a SKU number corresponding to the 
sections 146 may be taped or otherwise joined together to known SKU number of the printed barcode 166 ) . This 
overlap at 148 to form a target 140 with a width W and a 40 allows the module 132 to confirm / assess the capability of the 
height h ( FIG . 10 ) . Each section 146 includes a plurality of system to perform the mission . In the case where the barcode 
machine - readable , visually - identifiable landmarks 150 with cannot be read correctly , the module 132 outputs informa 
known positional information . In the illustrated embodi- tion to the configuration computation module 134 . 
ment , the landmarks are equally sized and spaced at prede- The reconfiguration module 134 may utilize some or all of 
termined intervals 154 , 156 in W and H directions , respec- 45 the following information to compute a new configuration 
tively , to form a grid . Each section 146 includes an identical for the image capture assembly 22 : the characterized spatial 
set of landmarks 150. The positional information may be profile ( s ) of the imaging system , the knowledge of the 
encoded by a set of machine readable and visually recog- parameters of the current configuration of the imaging 
nizable location - encoding marks 158 which encode loca- system , and the knowledge of the system requirements 
tions of the landmarks 150. The marks 158 may each be 50 ( which may be mission dependent , store dependent , appli 
located adjacent the corresponding landmark 150 or posi- cation - dependent , etc. ) . The module 134 may compute a 
tioned on the landmark itself . In the exemplary embodiment , modified ( improved ) configuration for the image capture 
the locations of the landmarks are encoded by human- assembly 22 , e.g. , one which is able to capture more of the 
readable identifiers , such as numbers , in the location - encod- shelf face 92 and / or provide sufficient resolution to capture 
ing marks 158. Each section 146 may include a human 55 barcode information from the product price tags 18 . 
readable identifier 160 , such as the section number , which FIG . 11 illustrates an exemplary configuration process , 
assists a person in assembling the sections in the correct which can be performed with the modules of FIG . 9. The 
order and orientation to form the target . method begins at S200 . 

The mission - specific target generation module 122 At S202 , mission - specific targets 164 may be generated 
includes instructions for generating examples of one or more 60 by module 122 , in cooperation with an associated printer 
printable mission - specific targets 164 , which may be com- 142. At S204 , a calibration target 146 is generated by 
bined with the calibration target 140. Additionally , known module 120 , in cooperation with an associated printer 142 . 
target information may be encoded by a second set of Step S202 may be incorporated into the generation of a 
machine readable and visually recognizable marks ( mission- calibration target which includes the mission specific 
info - encoding marks ) . In particular , the target 164 may be 65 target ( s ) . 
representative of the product tags to be identified in the At S206 , test images are acquired by module 124 , in 
store , and include , for example , a barcode 166 similar in size cooperation with the image capture assembly 22 . 
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At S208 , landmarks are detected in the acquired test temporarily affixed to a shelving unit 14 , wall , or other 
images by the module 126 . suitable vertical planar surface 170. Each section includes an 

At S210 , the information 158 , 166 in the acquired test identical set of landmarks 150 in which each column of 
images is decoded , where possible , by the module 128 . landmarks is vertically aligned with the corresponding col 

At S212 , the image capture assembly 22 is spatially 5 umn of landmarks from the adjacent section ( s ) . However , 
characterized , by the module 130 . the location - encoding marks 158 are different in each sec At S214 , the capability of the system 10 for performing tion to reflect the different starting height of each the the mission is assessed , by the module 132 , based on sections . 
information provided by the modules 128 , 130 . A template for generating the sections 146 may be At S216 , a reconfiguration of the image capture assembly 10 designed using Microsoft PowerPoint or other suitable soft 22 is computed by the component 134 , which may 
to the stage controller 78 and / or camera controller 80 for ware , where the relative position encoding and ID 160 of the 
reconfiguring the image capture assembly 22. If at S218 , a section is implemented as a page number variable . 
reconfiguration of the image capture assembly 22 has been The maximal height h that the image capture assembly 22 
made , the method may then return to S206 for another 15 to be characterized needs to capture in a single position of 
iteration of the system configuration , otherwise , the method the mobile base is determined and an n - page document is 
may proceed to S104 , where a mission is commenced . created using the template by printing or copying the page . 

Further details of the configuration of the image capture The sections are taped , glued or otherwise assembled 
assembly 22 will now be described . together and the target is mounted to the wall 170 , e.g. , with 

Calibration Target Generation ( Off - Line Process ) 20 tape . In some cases , a bottom blank region 172 of the 
Module 120 generates sections ( e.g. , in the form of printer lowermost section may be trimmed so that the first row of 

recognizable instructions ) which are used for forming a black dots is a predetermined height above , or level with , the 
spatially characterized target 140 ( FIG . 9 ) , which includes floor or other predetermined position . Alternatively , an offset 
an arrangement ( e.g. , an array ) of identifiable landmarks 150 may be used in computation to allow for the bottom blank 
with known positional information encoded by a set of 25 region of this section . The bottom blank regions 172 of the 
machine readable and visually recognizable marks 158. The rest of the pages may be used as the interface region to attach 
physical calibration target 140 is generated for characteriz- the pages together . 
ing the image capture assembly 22 , including cameras 40 , The exemplary calibration target 140 is assembled in 
42 , 44 and moveable components 48 . order of the page numbers , starting from the bottom of the 
The modularity of the target facilitates scalability and 30 wall . The relative and absolute location information of each 

ease of deployment in different facilities . For example , one of the black dots in the final composite target can then be 
store may have a maximum shelf face of about 100 cm and decoded . For example , the images are processed using 
may use from 3 to 6 sections 146 ( depending on their height ) optical character recognition ( OCR ) software to identify the 
to form the calibration target 140. Another store may have a marks 158 within the detected boxes just above each dot and 
maximum shelf face of 180 cm and may use from 7 to 10 35 a formula is applied to compute the actual location , in the x , 
sections 146 to form the calibration target 140. The use of z plane , of each dot . In an example embodiment , for the 
marks 158 which are both machine readable and visually target illustrated in FIG . 10 , the following formula may be 
recognizable allows for automation or human operation and used : 
allows for reduction in human and / or algorithmic errors . 
As an example , the modular sections 146 may be designed 40 

to fit on sheets of paper which are a standard paper size , such -3do do = 0 ~ 4 Eq . ( 1 ) 
( for horizontal direction ) as A3 ( 29.7x42 cm ) , A4 ( 29.7x21 cm ) , tabloid ( 27.94x43.18 -3 ( do -5 ) do = 5 - 9 

cm ) , or letter - size ( 21.59x27.94 cm ) , used by the printer 6 + 9 ( d? – 1 ) do = ( -4 
142 . ( for vertical / height direction ) 3 + 9 ( di – 1 ) do = 5 ~ ~ 9 The landmarks 150 may be circular black dots or other 45 
regular shapes of the same size and shape , which are easily 
identifiable marks for a computer and a human to recognize . where , d , is the last digit of the numerical text in each 
Their corresponding known relative locations are encoded colored box and d are the remaining digit ( s ) of the numeri 
by a corresponding set of machine readable and visually cal text in the colored box . This equation is suited to the case 
recognizable marks 158 which may be made more - recog- 50 where the relative positions of 10 black dots arranged in two 
nizable by a colored box in which a number is located . The rows are encoded in the last digit in the template using 
color choices for the marks 150 , 158 may be selected to do = 0 ~ 9 , while di is encoded as the page number . d , auto 
facilitate automated image processing . A first digit of the matically increases by one for each page of the multiple 
location - encoding mark 158 may correspond to a number of page document . As will be appreciated , for different arrange 
the section 146 ( section 1 in the illustrated embodiment , 55 ments and locations , different formulae may be used to 
with each section having a different number in sequence ) . A compute the actual locations of each of the landmarks 
second digit or digits may provide a unique identifier for the detected in test images of the target . In general , each section 
landmark which is associated in memory 62 with a location may include at least two vertically spaced rows , each row 
of the corresponding landmark on the target . However , other comprising at least 2 or at least 3 landmarks that are 
machine - readable marks also contemplated . For 60 horizontally spaced . 
example , the location - encoding marks 158 could each be The modular design and encoding scheme for the example 
implemented as a 1D or 2D barcode . Optionally , horizontal target 140 make it easy to deploy in any retail store , since it 
and vertical grid lines 168 are provided to help human can be readily generated using a standard printer and tape . 
operators to perform measurements visually . In one embodiment , the template for forming the sections 
A calibration target 140 which is a composite of four 65 may be stored on a portable memory storage device , such as 

sections 146 is shown in FIG . 10. The four sections may a disk , flash memory , or downloaded to a local computer , 
have been taped together to form the target which is then allowing it to be used at the store location to generate the 
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template . With distinct colors and shapes for the marks 150 , the target . The module 126 therefore keeps track of the 
158 , the detection module 126 can detect the marks robustly . images in which a detected landmark was found . The 
By making the targets human readable as well as machine module 126 may output a list of data that corresponds to the 

readable , a human is able to assist in the reconfiguration of pixel location and image ID for each detected landmark 150 . 
the image capture component 22. For example , the image 5 Information Decoding 
capture assembly 22 may provide for live view of the The image decoding module 128 detects the set ( s ) of 
captured images . A human can use the camera live view of location - encoding marks 158 ( colored blocks with text in the 
the calibration target to roughly reconfigure the image example embodiment ) on the acquired images and then 
capture assembly 22 close to desired state , with the assis- decodes their corresponding location and / or mission infor 
tance of the ruler - like target and some easily understood 10 mation . In one embodiment , a color - based segmentation 
marks . After that , the automated control unit 24 can char- method may be used to identify candidate regions that are of 
acterize or fine - tune the system . approximately the same color as the colored blocks . Mor 

Mission - Specific Target Generation ( Off - Line Process ) phological filtering , connected - component analysis , and 
The module 122 generates mission - specific targets 164 thresholding on size may then be used to further refine the 

with known product - related information . By imaging and 15 set of candidate regions . Finally , a sub - image of each 
analyzing these targets , the configuration component 74 is candidate region with numerical text is analyzed by an OCR 
able to confirm whether the image capture assembly 22 engine to extract the digits or other location - encoding infor 
being characterized is capable of performing the desired mation . If the digits match those of the calibration target 
mission . 146 , the corresponding localization information is extracted 

In the case of a mission which involves barcode local- 20 using the appropriate formula ( e.g. , Eqn . 1 ) . The output of 
ization and recognition , the requirements of the image the module 126 is data that corresponds to the pixel location 
capture assembly 22 can be evaluated from the resolution on and encoded location information for each detected location 
the object plane , FOV , and / or image blur ( due to undesired encoding - mark 158 . 
motion , vibration ... ) . While this may be achieved using the Spatial Characterization 
calibration target alone , having a target 164 which is specific 25 The spatial characterization module 130 matches the 
to the store allows the assembly 22 to be specifically detected landmarks and detected location - encoding marks 
characterized for the store in which it will be used . For output from modules 126 , 128 , and then derives absolute 
example , barcode size , encoding type ( e.g. , EAN - 13 vs. and relative spatial profile ( s ) and other characteristics of the 
Code39 ) , and the like may differ from store to store and image capture assembly 22. In one embodiment , the match 
these , as well as environmental conditions , such as lighting 30 ing is performed by finding a pair of marks 150 , 158 with 
may influence the desired resolution . For example , as the minimal Euclidean distance in the pixel space and meeting 
barcode width increases , the minimal resolution needed for the constraint that the colored block is positioned above the 
recognition decreases , i.e. , it is easier image and decode black dot . Due to the cameras often being titled or otherwise 
a larger barcode . The relationship , however , is often neither angled relative to the x , z plane , the images may be skewed . 
linear nor straight - forward . The contrast of the printed 35 For generating a spatial profile corresponding to each of 
barcode also plays a role on the minimal resolution needed . the images acquired , model fitting may be used to find the 
Hence the use of a mission - specific target is an effective way best projective transformation for the image into real space . 
to characterize the resolution capability of the image capture Relative characteristics of each image spatial profile , such as 
assembly 22 for a given mission . In some embodiments , the extent of vertical overlap or vertical spacing between adja 
mission - specific target ( s ) may include one or more actual 40 cent FOVs and / or relative center misalignment between 
price tags of interest which may be positioned on top of or each pair of images are also derived . The output of the 
adjacent the calibration target on the wall . Since the exem- module 130 may include a set of spatial profiles , e.g. , as 
plary calibration target has redundancies embedded , there is projection matrices and their relative characteristics . The 
considerable flexibility on the placement of posting the number of spatial profiles depends on the number of cameras 
additional samples 164 on the calibration target 140 . 45 and camera positions used . For example , for a 3 - camera , 

Image Acquisition single position assembly , 3 spatial profiles may be gener 
The image acquisition module 124 acquires images using ated . For a 2 - camera , two position assembly , 4 spatial 

the image capture assembly 22 to be characterized at the profiles may be provided . However in this case , two of the 
settings that the imaging system is intended to be used for spatial profiles may be very close to a translated version of 
the retail application . For example , the imaging component 50 the other two . Also in this case , the amount of translation in 
38 may be intended to operate at a distance of 0.5-1 meters the camera positions may be characterized as an additional 
away from the shelf face and with direct facing to the shelf output . For the application of store profiling discussed 
face . Accordingly , it is positioned in a similar relationship to above , obtaining individual spatial profiles for each image 
the calibration target on the wall . Test images may be and determining whether the overlap FOV of adjacent 
acquired over a range of positions which may be used to 55 images is great than a threshold value ( e.g. , zero ) or not is 
mitigate errors or adapt the system to position variations in generally sufficient for characterizing the image capture 
a real mission where a predetermined distance to the shelf assembly 22. However , additional information may be 
face cannot be maintained throughout . extracted for configuring / reconfiguring the image capture 
Landmark Detection assembly 22 if the configuration has not been determined or 
The landmark detection module 126 detects the identifi- 60 optimized or has been adjusted for a different retail appli 

able landmarks 150 on the acquired images ( e.g. , black cation of interest . 
dots ) . This can be achieved with a variety of techniques , Mission Capability Confirmation 
such as thresholding on one or more color channels ( e.g. , the The module 132 analyzes the acquired test images to 
green channel ) , morphological filtering and connected - com- extract information from the example mission - specific tar 
ponent analysis , and thresholding on size , or a combination 65 gets 164 , compares the extracted information with the 
thereof . In general , each captured image includes only a intended information of the targets 164 , and confirms / 
subset ( fewer than all ) of the landmarks that are visible on assesses the capability of the system to perform the intended 
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mission . For detection and decoding , it may reuse the a programmable logic device such as a PLD , PLA , FPGA , 
process in landmark detection and information decoding , but Graphical card CPU ( GPU ) , or PAL , or the like . In general , 
here applied to different marks 166 and may employ a any device , capable of implementing a finite state machine 
different decoding tool . In one embodiment , barcode local- that is in turn capable of implementing the flowchart shown 
ization and recognition is employed on the acquired images 5 in FIG . 7 and or 11 , can be used to implement the methods 
and a check is performed to determine if all barcodes are described herein . As will be appreciated , while the steps of 
correctly recognized . If so , then the capability is confirmed . the method may all be computer implemented , in some 
Additionally , if barcodes are easily recognized , the resolu- embodiments one or more of the steps may be at least 
tion may be decreased and / or the FOV increased to allow the partially performed manually . 
mission to proceed faster . If the barcodes are not all recog- 10 
nized , the FOV could be decreased ( increasing the resolu EXAMPLE 
tion ) , or other reconfiguration of the image capture assembly 
22 , such as adding camera , may be performed . The output of A prototype system 10 with software forming a configu 
module 132 may be fed to the reconfiguration module 134 ration component 74 was implemented with a combination 
to make suggestions for reconfiguration . 15 of MATLAB and OpenCV C ++ . The system was used for 

Reconfiguration both characterizing and configuration of an image capture 
The module 134 utilizes the characterized spatial profile assembly 22 with three cameras and a translation stage 48 , 

( s ) , the knowledge of the parameters of the current configu- providing two position capability , as exemplified in FIG . 3 . 
ration , and the knowledge of the system requirements In some configurations , the translation stage moved all 
( which may be mission dependent , store dependent , appli- 20 cameras up or down by about 30 cm . In some configurations , 
cation - dependent etc. ) to compute an improved configura- the lowermost camera 44 was able to tilt to a position in 
tion for the image capture assembly 22. For example , if the which the camera lens pointed downward . 
overlapping FOVs among pairs of images are not evenly The system 10 was intended to cover a store shelf face up 
distributed , it may be desirable to readjust relative camera to maximal height of about 183 cm . A calibration target 140 
positions . The characterized misalignment / offset amounts 25 was generated using nine units of the template and posted on 
between cameras can be computed to align them . If the a wall , covering approximately 206x43 cm . Additionally , 
resolution is more than sufficient , FOVs may be increased or actual on - sale price tags used in a real retail application were 
the number of cameras or position - translations may be posted on the calibration target as mission - specific targets 
reduced to decrease the mission time or lower the cost . The 164. The image capture assembly 22 could first be roughly 
reconfiguration component may implement a new configu- 30 configured using a combination of minimal imaging reso 
ration automatically . lution requirement calculation , knowledge of maximal shelf 

The configuration component 74 thus described may be height , knowledge of the dimension of the mobile base , 
implemented in a store profile generation system , as manual set - up of FOV via camera view - finder , etc. 
described with respect to FIG . 5. However , it also finds It can be assumed , for example , that an imaging system 
application in other systems , such as a system for confirming 35 consisting of a 3 - camera array with 2 - positional capability is 
whether a part of a store display unit complies with a equivalent to a system with a 6 - camera array with cameras 
pre - defined planogram , a system for generating composite that are 30.5 cm apart if their FOVs are evenly distributed 
images of display units , in other multi - camera / multi - posi- and facing orthogonal to the shelf face . A FOV of about 
tion imaging systems , and the like . As will be appreciated , 30-36 cm in the short direction of the camera was found to 
such a configuration system may include some or all of the 40 provide sufficient imaging resolution for recognizing a target 
components of FIG . 5 , including memory 62 and processor EAN - 13 barcode with a width larger than 2.5 cm . The 
60 . mobile base for an initial test was about 23 cm in height , 

The method illustrated in FIGS . 7 and / or 11 may be while the lowest shelf was at about 18 cm above the floor . 
implemented in a computer program product that may be For this configuration , the lowest camera did not need to be 
executed on a computer . The computer program product 45 tilted in order to provide a field of view to capture the lowest 
may comprise a non - transitory computer - readable recording shelf . Two camera positions could capture the full height of 
medium on which a control program is recorded ( stored ) , the shelf face . For a taller mobile base ( about 40 cm ) , the 
such as a disk , hard drive , or the like . Common forms of lowest camera could be arranged to point down at an angle 
non - transitory computer - readable media include , for and translated vertically , providing two tilted positions for 
example , floppy disks , flexible disks , hard disks , magnetic 50 the lowest camera . 
tape , or any other magnetic storage medium , CD - ROM , After initial configuration of the image capture assembly 
DVD , or any other optical medium , a RAM , a PROM , an 22 the method of FIG . 11 was used for acquiring test images 
EPROM , a FLASH - EPROM , or other memory chip or ( 3 cameras , 2 positions ) ( S206 ) , detecting landmarks and 
cartridge , or any other tangible medium from which a mission - specific marks ( S208 ) , decoding location or barcode 
computer can read and use . 55 information ( S210 ) , and characterizing the six camera spa 

Alternatively , the method ( s ) may be implemented in tran- tial profile ( 3 camerax2 position ) ( S212 ) . A representation of 
sitory media , such as a transmittable carrier wave in which the intermediate graphical results of the camera FOVs in the 
the control program is embodied as a data signal using X , Z - plane from the MATLAB implementation is shown in 
transmission media , such as acoustic or light waves , such as FIG . 12. There is a noticeable gap of about 18 cm between 
those generated during radio wave and infrared data com- 60 the camera 2 , first position and the camera 3 , first position . 
munications , and the like . This could be manually adjusted , at least partially . However , 

The exemplary method ( s ) may be implemented on one or other characteristics can be captured form the analysis , such 
more general purpose computers , special purpose computer as individual differences in camera FOVs , misalignment 
( s ) , a programmed microprocessor or microcontroller and among cameras , the exact amount of overlap or gaps , 
peripheral integrated circuit elements , an ASIC or other 65 amount of distortions due to camera poses , etc. , which are 
integrated circuit , a digital signal processor , a hardwired not readily detectable manually For example , camera 2 , 
electronic or logic circuit such as a discrete element circuit , positions 1 and 2 , are only marginally overlapped . If the 
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FOV changes even slightly during the mission , a gap could It will be appreciated that variants of the above - disclosed 
be created . Camera 2 is also offset from the center , relative and other features and functions , or alternatives thereof , may 
to the other two cameras and has the smallest FOV . Table 1 be combined into many other different systems or applica shows example raw characteristics of the cameras in the 
imaging system . From this data , an improved configuration 5 tions . Various presently unforeseen or unanticipated alter 
of the cameras can be analytically determined of using the natives , modifications , variations or improvements therein 
reconfiguration module . may be subsequently made by those skilled in the art which 

TABLE 1 

Example initial characteristics of the cameras in the imaging system 

Camera center X center Z max X min X max Z min z FOV1 FOV2 Overlap in Z 

1 - up 
1 - down 
2 - up 
2 - down 
3 - up 
3 - down 

-6.42 
-6.52 
-7.72 
-7.80 
-6.40 
-6.48 

77.36 
65.05 
53.42 
41.10 
21.15 
8.95 

3.41 
3.26 
1.56 
1.44 
4.33 
4.09 

-16.02 
-16.05 
-16.85 
-16.83 
-16.55 
-16.50 

84.02 
71.62 
59.71 
47.27 
27.62 
15.34 

70.66 
58.34 
47.08 
34.80 
13.63 
1.48 

19.44 
19.31 
18.41 
18.28 
20.88 
20.59 

13.35 
13.28 
12.62 
12.47 
13.99 
13.86 

0.96 
1.37 
0.19 

-7.18 
1.71 

-1.48 

20 
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To derive a modified configuration of the image capture 
assembly 22 , an Excel tool was built that takes inputs from 
Table 1 and derives a set of parameters for FOVs , camera 
mounting positions , and translation amount . These param 
eters could then be fed to a programmable control unit , such 
as components 76 , 78 , that adjusts the configuration of the 
image capture assembly 22. In the prototype system , how 
ever , this was achieved through manual adjustment of the 
image capture assembly 22 based on these suggested param 
eters . While this was not an ideal solution , the changes 30 
implemented ( increase FOV of camera 2 , lower cameras 1 
and 2 , change translation amount by computed parameters ) 
increased the coverage , as illustrated in FIG . 13 , as well as 
improving the balance of overlap in Z etc. The reconfigured 
image capture assembly 22 met the requirements , such as 
coverage of maximal height , no gap , FOV at the range of 30 
to 36 cm for imaging resolution , for the retail applications of 
interest . The settings could be further optimized by repeating 
the process . 

Table 2 shows characteristics after reconfiguring the 
image capture assembly 22 according to the computed 
parameters . 

What is claimed is : 
1. A store profile generation method comprising : 
with an image capture assembly mounted on a mobile 

base , acquiring photographic test images of a printed 
calibration target , the printed calibration target includ 
ing one or more sheets of paper and on each of the 
sheets of paper , a plurality of machine - readable land 
marks and location - encoding marks , each of the plu 
rality of machine - readable landmarks being associated 
with one of the location - encoding marks in the printed 
calibration target , each of the location - encoding marks 
being located adjacent to or positioned on the associ 
ated machine - readable landmark , each of the location 
encoding marks encoding location information for the 
associated machine - readable landmark ; 

moving the mobile base around a product facility which 
includes an arrangement of product display units for 
displaying products , product labels being associated 

35 

40 

TABLE 2 

Example raw characteristics of the cameras in the image capture assembly for second iteration 

Camera center X center Z max X min X max Z min Z FOV1 FOV2 Overlap in Z 
1 - up 
1 - down 
2 - up 
2 - down 
3 - up 
3 - down 

-6.77 
-6.87 
-7.99 
-8.08 
-6.46 
-6.53 

65.13 
53.98 
42.16 
31.00 
19.93 
8.87 

2.97 
2.81 
1.6 
1.44 
4.25 
4.03 

-16.30 
-16.33 
-17.35 
-17.40 
-16.66 
-16.58 

71.70 
60.51 
48.52 
37.36 
26.39 
15.28 

58.45 
47.32 
47.08 
24.58 
12.40 
1.41 

19.27 
19.14 
18.96 
18.84 
20.86 
20.62 

13.25 
13.19 
12.86 
12.78 
13.99 
13.87 

2.05 
1.20 
1.70 
1.81 
2.88 

-1.48 

55 These experimental results demonstrate that the auto 
mated method is beneficial and accurate for characterizing 
and / or configuring an imaging system for retail applications . 

FIGS . 14 and 15 illustrate panoramas of the calibration 
target 140 , before and after reconfiguration of the image 60 
capture assembly , which were generated from the computed 
spatial profiles of the cameras by applying them to the 
captured images . As will be appreciated , similar panoramas 
can be generated of a store shelf unit using the computed 
camera spatial profiles and may optionally be used in the 65 
generation of the store profile by stitching together multiple 
vertical panoramas . 

with the display units , the product labels displaying 
product - related data for the displayed products ; 

with the image capture assembly mounted on the mobile 
base , acquiring photographic images of the product 
display units at a sequence of locations of the mobile 
base ; 

with a computer processor : 
generating a spatial characterization of the image cap 

ture assembly , including detecting the machine - read 
able landmarks and positions of the detected 
machine - readable landmarks on the acquired photo 
graphic test images of the printed target , detecting 
the set of location - encoding marks on the acquired 

a 
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photographic test images , decoding the location 9. The method of claim 7 , wherein the computed spatial 
information from the detected set of location - encod- profile of the at least one image capture device includes a 
ing marks , matching the detected positions of the mapping between locations for pixels of an acquired image 
machine - readable landmarks on the acquired photo and locations in a real space . 
graphic test images to actual locations of the 5 10. The method of claim 1 , further comprising generating 
machine - readable landmarks on the printed target , a packaging order or printing order for a set of replacement 
the actual locations being determined from the product labels based on the constructed store profile . 
decoded location information , and computing the 11. The store profile generation method of claim 1 , further 
spatial characterization therefrom , including com comprising : 
puting at least one projection matrix for each of the computing a spatial profile for each of a plurality of 

vertically - spaced image capture device positions . photographic test images for transformation of the 12. The method of claim 1 , wherein the at least one image photographic test images into real space , and capture device comprises at least two image capture devices . extracting the product - related data from the acquired 13. The method of claim 12 , wherein a first of the at least images of the product display units and constructing 15 one image capture device captures low resolution images 
a store profile indicating locations of the product and a second of the at least one image capture device labels throughout the product facility , based on the captures high resolution images . 
extracted product - related data , the spatial character 14. The method of claim 12 , wherein the method includes , 
ization of the image capture assembly , and informa- with the second of the image capture devices , capturing one 
tion on the locations of the mobile base . 20 of the high resolution photographic image of one of the 

2. The method of claim 1 , wherein the product - related product display units in a respective one of the candidate 
data comprises at least one of printed barcodes and text . locations after the control unit has used the low resolution 

3. The method of claim 1 , wherein the acquiring images photographic images acquired from the first image capture 
of the product display units comprises acquiring images at device to identify the respective one of the candidate loca 
each of a plurality of vertically - spaced positions for each of 25 tions . 
a sequence of locations of the mobile base . 15. A store profile generation system which performs the 

4. The method of claim 3 , wherein the acquiring images method of claim 1 , comprising : 
at each of the plurality of vertically - spaced positions com a mobile base which is moveable around an associated 
prises translating an image capture device from a first of the product facility which includes an arrangement of 
plurality of vertically - spaced positions to a second of the product display units which display products , product 
plurality of vertically spaced positions . labels being associated with the display units , the 

5. The method of claim 3 , wherein the acquiring images product labels displaying product - related data for the 
displayed products ; at each of the plurality of vertically - spaced positions com an image capture assembly mounted on the mobile base , prises translating a plurality of image capture devices of the the assembly comprising at least one image capture image capture assembly from a respective first position to a device which acquires the images of the product dis respective second position . play units in a product facility , product labels being 

6. The method of claim 3 , wherein the acquiring images associated with the product display units which include 
at each of the plurality of vertically - spaced positions com product - related data ; 
prises acquiring a first image at a first of the plurality of 40 a configuration component which spatially characterizes 
vertically - spaced positions with a first image capture device the image capture assembly by computing a spatial 
and acquiring a second image at a second of the plurality of profile for each of a plurality of vertically spaced image 
vertically - spaced positions with a second image capture capture device positions from captured images of a 
device . printed calibration target that includes machine - read 

7. The method of claim 1 , wherein : able landmarks ; and 
the generating of the spatial characterization of the image a control unit which processes the images captured by the 

capture assembly comprises computing a first spatial at least one image capture device at a sequence of 
profile including a first projection matrix for a position locations of the mobile base in the product facility , the 
of a first image capture device of the image capture control unit extracting the product - related data from the 
assembly and computing a second spatial profile 50 acquired images and constructing the store profile 
including a second projection matrix for a position of a indicating locations of the product labels throughout 
second image capture device of the image capture the product facility based on the extracted product 
assembly , the second image capture device being ver- related data , the spatial characterization , and informa 
tically spaced from the first image capture device ; and tion on the locations of the mobile base at a time that 

the acquiring images of the product display units com- 55 the images were acquired . 
prises acquiring a first image with first image capture 16. The method of claim 1 , wherein the acquiring pho 
device and acquiring a second image with the second tographic images of the product display units at a sequence 
image capture device , vertically spaced from the first of locations of the mobile base , comprises : 
image , the method further comprising translating pixels capturing low resolution photographic images of the 
of at least one of the vertically - spaced first and second 60 product display units ; 
images , based on the computed first and second spatial identifying candidate locations of the product labels based 
profiles . on the captured low resolution photographic images ; 

8. The method of claim 7 , further comprising , after the capturing higher resolution photographic images of the 
translating pixels of the at least one of the at least two product display units in the candidate locations ; and 
vertically - spaced images , generating a composite image of 65 with a computer processor , extracting the product - related 
one of the product display units from the least two vertically- data from the higher resolution photographic images of 
spaced images . the candidate locations and constructing a store profile 
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indicating locations of the product labels throughout 
the product facility , based on the extracted product 
related data , a spatial characterization of the image 
capture assembly , and information on the locations of 
the mobile base . 

17. The store profile generation method of claim 1 , 
wherein the printed calibration target comprises printed 
sheets of paper , each of the printed sheets of paper including 
a human readable identifier for assisting a person in assem 
bling the sheets in a correct order and orientation to form the 10 
printed calibration target . 

18. The store profile generation method of claim 1 , further 
comprising generating the calibration target , the generating 
including printing the machine - readable landmarks and the 
associated location - encoding marks on the one or more 15 
sheets of paper . 

19. The store profile generation method of claim 18 , 
wherein the method comprises joining sheets of the one or 
more sheets of paper together to form the calibration target . 

20 


